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Abstract 
The sustainability evaluation of urban water resources and environment complex system(UWECS) is a fuzzy problem, 
so the fuzzy variable model is applied to evaluate the sustainability of UWRCS. Compared with other fuzzy methods, 
the model can scientifically identify the relative membership degree and function between sample index and standard 
interval of each level index, and it can reasonably determine the evaluation level of each sample by varying model 
and its parameters. One of the most important factors in the evaluation process is the calculation method of the 
comprehensive weight. So assuming the subjective weights have been assigned, the reliability analysis method is 
used to choose the objective approach from the view point of combination reliability. The comprehensive weight 
vector is constructed based on the reliability analysis of different weight combination methods. Finally, as a case 
study, Dalian UWECS from 1996 to 2005 is evaluated. And following evaluation results are obtained: (1) The status 
can be divided into two stages: Firstly, the system keeps in normal status from 1996 to 1997. Secondly, the system 
keeps in sustainable status from 1998 to 2005, and the evolution trend is fluctuating in 1999 because of the unsteady 
exploitation of groundwater. With further analysis, the excessive exploitation of groundwater is also the key 
unsustainable factor in most of the coastal north cities in China in recent 10 years. 
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1. Introduction 
With the changing environment, water shortage and environment pollution have become the 
nationwide problems in China, and the situation is more serious in coastal north cities in China. So with the 
case study of Dalian, this paper focuses on the sustainable evaluation of urban water resources and 
environment complex system(UWECS). One of the most obvious characteristics of the sustainable 
valuation of UWECS is fuzzy because the status is determined by the standard value, and there exist no 
clear and absolute boundaries between different grades of evaluation status. So the fuzzy variable model is 
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applied to evaluate the sustainability of UWECS. Compared with the traditional fuzzy set methods 
proposed by Zadeh (Zadeh,1965) and the fuzzy pattern recognition model based on relative membership 
degree theory(Chen, et al.,1994), Theory of fuzzy variable set can scientifically identify the relative 
membership degree and function between sample index and standard interval of each level index, and it 
can reasonably determine the evaluation level of each sample by varying model and its parameters. 
To evaluate the sustainability of UWECS with fuzzy variable model, two key factors should be studied: 
the establishment of index system, and the calculation of index weights. Firstly, to establish index system, 
there are several methods such as AHP(Saaty, 1978) and DPSIR(Fassio, et al.,2005). With AHP model, 
index system is divided into three hierarchies: Object hierarchy, criteria hierarchy, and index hierarchy, so 
it can reduce the system’s complexity, but it is difficult to judge the rationality and harmony of the index 
system. With DPSIR model, the index can be separated into driving forces factors, pressure factors, state 
factors, impact factors, and responses factors, and it can describe the system in individual thinking. 
Secondly, several approaches have been proposed to calculate the index weights. Majority of them can be 
classified into subjective approaches, objective approaches, and comprehensive approaches(Ma et al.,1999). 
Subjective approaches, such as AHP(Chen et al.,2009) and expert(Zhang et al.,2008) methods, reflect the 
decision maker’s subjective preference. And objective approaches, such as PCA(Gu et al.,2003) and 
CRITIC(Chen et al.,2004), reflect the relative importance of the indexes. Taking both subjective preference 
and objective information in consideration, index weight can be ascertained scientifically and reasonably 
with comprehensive approaches.  
In this paper, to evaluate the sustainability of UWECS, 12 indexes are designed to establish the index 
system. Then, the expert method is used to calculate the index subjective weights, and the reasonability of 
subjective weights is mainly associated with the experience of the experts. Considering the variety of 
objective methods, the reliability analysis(Cong et al.,2010) are used to calculate the objective weights. 
2. Fuzzy Variable Evaluation Model (CHEN ET AL., 2008) 
Assuming matrix X be a finite set of n samples with m indexes and matrix Y be a standard finite set of 
C ranks with m indexes. Attraction domain Matrix [ , ]A B , range domain Matrix [ , ]C D , and the middle 
point value matrix M are built with the matrix Y and the situation of the evaluated object as follows: 
[ , ] ([ , ])ih iha b=A B                                                                                                                              (1) 
[ , ] ([ , ])ih ihc d=C D                                                                                                                              (2) 
( )ihM=M                                                                                                                                          (3) 
Where i=1,2,…,m; h=1, 2,…,C. Using Eqs.(1) to (3), the sample eigenvalue ijx  can be determined 
the position relative to the point ihM . And the deference degree ( )h ijD u  can be confirmed with Eq.(4) 
and Eq.(5) while ijx  is in the left side and right side of ihM  respectively.  
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Then, the relative membership degree matrix [ ] ( ( ))h h ijuμ=U  can be obtained using Eq.(6). 
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Assuming the normalized synthetical weight matrix W be 
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The optimal relative membership degree of fuzzy variable model is solved as follows 
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Where 1,2; 1, 2pα = = . In Eq.(8), the parameters   and p can make four kinds of combination. Given 
the values of parameters   and p, the rank feature value Hj is calculated with Eq. (9) for sample j. 
∑
=
c
h
jhj huH
1
＝
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3. Index System and Standard Values 
To evaluate the sustainability of UWECS with fuzzy variable model, two factors should be studied: the 
establishment of indexes and index standard values, and the calculation of index weights. Firstly, the index 
system is established with 12 indexes, and reference to relative national normative criterions or the index 
standard values of other cities, the index standard values are modified synthetically. Index systems and 
index standard values is given in Tab.1. 
Table 1Indexes and index standard values  
rank 
unsustainable 
(Rank I) 
normal 
(Rank II) 
sustainable 
(Rank III) 
high 
sustainable 
(Rank IV) 
surface water resources development ratio (%) <20 20～30 30～40 >40 
groundwater resources development ratio (%) >60 40～60 30～40 <30 
water quality standard achievement ratio (%) <80 80～96 96～98 >98 
seawater desalination ratio(%) <0 0～5 5～10 >10 
recycled water utilization ratio (%) <20 20～40 40～60 >60 
wastewater treatment ratio (%) <60 60～80 80～90 >90 
household water per capita (litre/ person·day) <150 or >480
150～230 or 
400～480 
230～270 or 
350～400 270～350 
water consume per 10000 Yuan GDP (m3) >200 80～200 40～80 <40 
water reuse efficiency in industry (%) <75 75～85 85～95 >95 
average public green land per capita (m2) <4 4～6 6～11 >11 
percentage of greenery coverage (%) <25 25～35 35～50 >50 
public environment satisfaction ratio (%) <60 60～85 85～95 >95 
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4. Calculation of Index Comprehensive Weights 
Having built the index system and established the index standard values, index weights are calculated 
with comprehensive approach. Expert method is used to calculate the index subjective weights, and the 
reasonability of subjective weights is mainly associated with the professional degree of the experts. With 
the reliability analysis of index objective weights, the risk degree R of index comprehensive weight(Cong 
et al.,2010)  is as follows: 
i 1 i 1
1 , ( ) 2,0 1
2
n n
i i i i iR v ave v u ave v u R= − = − + ≤ <∑ ∑
＝ ＝
＝                                                         （10） 
Using Eq.(10), the index weights are calculated with statistical data from 1996 to 2005, and the results 
is listed in Tab.2. 
Table 2 Index weights of Dalian UWECS 
index 
subjective weight objective weight 
comprehensive 
weight 
Expert（ u ） Criti（ 1v ） PCA（ 2v ） ( 0.5)w α =
surface water resources development ratio (%) 0.086 0.026 0.071 0.078 
groundwater resources development ratio (%) 0.094 0.190 0.105 0.100 
water quality standard achievement ratio (%) 0.018 0.002 0.050 0.034 
seawater desalination ratio(%) 0.083 0.032 0.024 0.054 
recycled water utilization ratio (%) 0.090 0.096 0.108 0.098 
wastewater treatment ratio (%) 0.093 0.138 0.109 0.101 
household water per capita (litre/ person·day) 0.132 0.253 0.094 0.113 
water consume per 10000 Yuan GDP (m3) 0.095 0.196 0.100 0.097 
water reuse efficiency in industry (%) 0.072 0.031 0.041 0.057 
average public green land per capita (m2) 0.082 0.007 0.100 0.091 
percentage of greenery coverage (%) 0.077 0.006 0.100 0.089 
public environment satisfaction ratio (%) 0.078 0.023 0.098 0.088 
5. Evaluation Result Analysis 
With the statistical data from 1996 to 2005 in Dalian and the parameters divided into four groups as 
1, 1pα = = , 1, 2pα = = , 2, 1pα = = and 2, 2pα = = , the sustainability is evaluated using Eqs.(8) and 
(9), and the sustainable evaluation result with the arithmetic average of the four evaluation result vector is 
list in Tab.3. 
Table 3 Evaluation result of the sustainability 
Year 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 
rank feature 
value 
2.35 2.48 2.97 2.85 3.03 3.02 3.36 3.35 3.41 3.48 
rank II II III III III III III III III III 
As the result listed in Tab.3, the sustainability of Dalian UWECS can be divided into two periods: 
Firstly, the system keeps in normal status from 1996 to 1997. Secondly, the system keeps in sustainable 
status from 1998 to 2005 and the evolution trend is fluctuating in 1999 because of the unsteady 
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exploitation of groundwater. With further analysis(Cong et al.,2010; Zhou et al., 2008), in recent 10 years, 
the excessive exploitation of groundwater is also the key unsustainable factor in most of the coastal north 
cities in China, such as Yantai, etc. 
6. Conclusion 
The two most important characteristics of UWECS health evaluation are fuzzy and multi-objective, so 
using fuzzy variable model, the sustainability of Dalian UWECS is evaluated. Following results are 
obtained: (1) The status can be divided into two stages: normal status from 1996 to 1997, and sustainable 
status from 1998 to 2005. (2) For the sustainable development in coastal north cities in China, the key 
restricting factor is the excessive development of groundwater under the influence of hydrological cycle. 
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